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SUmmary

This report summarizes the US SOLAS workshop deliberations held a the Bolger Center
in Potomac MD, May 16-18, 2001. The god of this open meeting was to lay the
groundwork for the SOLAS program in the United States. The workshop conssted of
plenay sessons highlighting the need for interdisciplinary study of the surface ocean
lower atmosphere ream for a variety of relevant biogeochemica and societa issues. Four
working groups discussed science issues and priority projects that would benefit from a
multi-disciplinary approach as advocated in SOLAS.

US SOLAS is a component of an internationa program endorsed by the IGBP and SCOR
with the following as an overdl god:

To achieve a quantitative underganding of the key biogeochemical-
physcal interactions between the ocean and atmosphere, incuding
how this coupled sysem affects and is affected by climate and
environmental change.

This internationd goad was adopted as a framework for the US effort. The working
groups focused on those components that seemed of most interest to the US research
community.

Each working group produced a report section that will form the basis of the US SOLAS
science plan. The report describes the research issues and suggests future projects to
further SOLAS science in the US. The suggested pilot projects exemplify the synergism
between the topics.

The highlights and issues that came out of the working groups are as follows:

|. Air-Sea Interaction and Transport Processes in the Atmospheric and Oceanic
Boundary Layers: Phydcd processes a the inteface play a controlling role in
trander and trandformations of Climate Rdevant Compounds (CRCs). Quantifying
fluxes of CRCs and the physicad controls on transport are critica research aress
where mgor advances may be achieved. Wet and dry deposition processes are poorly
condrained, hampering the connection between atmospheric input and surface ocean
biologica responses. High priority issues include long-range research projects geared
toward capturing episodic events, additiond coastd region sudies and technology
development to improve flux measurements.

II. Long-Lived Climate Reevant Compounds in the Surface Ocean-Lower
Atmosphere Region: These compounds have dow reection rates in the lower
atmosphere and the proposed research efforts are focused on congraning large-scade
fluxes of CO,, N2O, and CH;. Up-scding process studies through opportunigtic
research cruises while fully integrating remote sensng capabilities are proposed.
There is dso a drong need to obtan basic physcd and biologica information on



transformation rates for many of the hdogenated compounds that fdl in the long-
lived CRC category.

[11.Short Lived Climate Reevant Compounds in the Surface Ocean-Lower
Atmosphere Region: Tropospheric ozone, particulate matter and clouds are among
the most powerful, but lesst understood dements of climate forcing. The SOLAS
region is a mgor snk for ozone, and both a source and snk of particulate materid
containing organic matter, sulfur compounds and sea sdt.  Photochemicd and multi-
phase processes in both the upper ocean and lower amosphere control the
concentrations and digtributions of these CRCs. The closdy interlinked nature of their
processing cals for a coordinated, multidisciplinary approach.

V. Atmospheric effects on marine biogeochemical processes. Recet evidence that
atmospheric depostion of trace condituents to the surface ocean can have a
ggnificant effect on upper ocean biologica processes has fundamentdly changed the
underdanding of biogeochemicd cyding, nutrient limitations and amaospheric
versus sub-surface control. In particular, the srong interest in amospheric deposition
of iron and its possble effect on nitrogen fixation and enhanced biologica
productivity in the surface ocean as well as on the air-sea exchange of CRCs make
thisahigh priority US SOLAS project.

An important god of SOLAS is to provide observationa, theoreticd and modeing
information for globa-scde dimate invedigaions with an emphess on how ar-sea
exchange of heat, momentum and chemicd species may influence amospheric chemistry
and dimate. The ar-sea exchange of CO, is but one example of the many different
processes and feedbacks in the dimae system that are intimately involved in surface
ocean, lower amosphere interactive dynamics.  Facilitating this connection, severd of
the researchers involved in the development of SOLAS are dso closdy tied to the
Community Climate System Modd (CCSM) devdopment effort, which is a multi-
agency, multi-inditutiona effort to creste a Sate-of- the-art Earth syssem modd!.

The US SOLAS effort will continue dong two pathways. Fird, a steering committee will
be formed to act as a clearinghouse for information on projects that focus on the lower
marine amosphere and surface ocean mixed layer. A particular focus will be the
implementation of bilaterd integrated dudies of both the amospheric and oceanic
boundary layers. Second, the Steering committee will interact with the community &
large to advocate multi-agency endorsement and funding of dedicated projects. Since the
efforts will be focused on multi-investigator process Sudies, we anticipate that the
Nationa Science Foundation will play a mgor, but not exclusve, role in supporting the
effort. Within this context, the deering committee will foster interactions and cross
disciplinary announcements of opportunity between various funding organizations.



Recommended Scientific Objectives and Activities

The following sections summarize the science of the US SOLAS effort proposed by the
meeting subgroups. More comprehensive reports from each group can be downloaded
from http://www.aoml.nosa.gov/ocd/solas. The international science plan, which served
as a guide for the US component, can be found a _ http://www.uea.ac.uk/env/solas.
Severd fidd dudies are singled out as examples of high interest for US SOLAS. The
find section of the report provides recommendations for seering group activities and
logigticsissues.

There is increasng evidence that the biogeochemicad cycdes for the building blocks of
life, such as carbon, nitrogen, and sulfur, have been perturbed by mankind. These
changes result in appreciadble impacts and feedbacks in the surface oceanlower
atmosphere (SOLAYS) region. The exact nature of the impacts and feedbacks are poorly
congrained because of sparse observations, in particular reating to the interconnections
between the mgor biogeochemica cycles and associated physicd controls. It is in these
aress that the interdisciplinary research approaches advocated in US SOLAS will provide
the greatest impact on scientific understanding. US SOLAS research will focus heavily
on the naturd varigbility of key processes, anthropogenic perturbation of the processes,
and the (pogtive and negative) feedbacks on biogeochemica cycles in the SOLAS region
(eg., Figure 1). A magor objective is to integrate results from the process studies, large-
scde observations, smdl and large-scade modeing and remote sensing efforts to improve
our mechanigic undersanding of biogeochemicd and physcad phenomena, and
feedbacks.
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Figure 1. The hypothesized link between atmospheric CO, levels and dust deposition is
one example of the tight connectivity between lower atmosphere and surface ocean
processes (courtesy of T. Michaels, USC).



To tet the SOLAS hypotheses and advance our knowledge of biology, chemisry,
phydgcs, and climate, experiment and theory must proceed smultaneoudy. Theories can
be tesed with numericd modds, but modeds must be evauated with measurements. In
Situ observations can provide specific properties, concentrations, and fluxes with known
uncertainty, but only for limited areas and times  Our &bility to make space-borne
measurements of parameters such as wind speed, amospheric ozone, aerosols, sea
surface temperature, radiation, ocean color, sea surface height and sea Sate is improving.
Recent advances in satellite-based remote sensing now adso make it possble to measure
atmospheric and oceanic properties such as atmospheric column concentrations of CO,
CO2, NO2, H,CO, BrO, HO0, and aerosols.  Instruments useful to studies in the SOLAS
region include MOPITT, MODIS, MISR on TERRA, TESS and OMI on AURA, AIRS
and SeaWiFS. European colleagues are deveoping complementary projects including
GOMEL and radar dtimeters on such as that on ERS2. Geodationary satellites may be
partticularly powerful for studying SOLAS processes, especidly diurnd variations, these
include NASA’s GIFTS and the European GEOTROPE (GeoSCIA/GeoHlS) proposed to
cover the Atlantic and Indian Oceans. These satdlite measurements, especidly when
cdibrated with “ground truth,” can test the transport and spatia didtributions of CRCs
cdculated in models. In this way, results from SOLAS sudies will be expanded from
gpecific messurements to generd principles.



|. Air-Sea Interaction and Transport Processesin the Atmospheric and Oceanic
Boundary Layers

Elucidating chemica and biological processes in the surface ocean and lower atmosphere
requires a firm foundation in the understanding of physca processes that teke place in
this relm. Such processes are often parameterized with rudimentary physicad forcing
dgorithms.  Underganding the smdl-scde physica controls is critical to modeding these
effects on larger scdes. Processes of paramount importance to improving observations
and modding of the SOLAS region include:

The physicd processes that control air-water gas fluxes.

Wet deposition by precipitation and dry deposition of particles onto the sea surface.
Production of particulate materid at the ocean surface.

Mixing processes in the ocean mixed layer and atmospheric boundary layer and
exchange with the dratified thermd interiors.

Sgnificant advances in insrumentd and modeling capabilities in the last decade make
obsarvation and verification of many of these processes tractable in laboratory
investigations, Lagrangian fidd studies and modding.

|-a. Physical processes controlling air-water gas fluxes

Gas trander is regulated by molecular and turbulent processes in and near the molecular
sublayers. For dightly soluble gases the aqueous sublayer controls gas transfer processes,
for soluble or reactive gases the gaseous sublayer is of primary importance.

Smdl-scale processes such as short wind-waves, microscae bresking and near-surface
turbulence are bedieved to control ar-sea ges trandfer. Any processes affecting small-
scde turbulence, such as microlayer surfactants, or that short-circuit the diffusve
sublayer, such as bubble entrainment, can have an effect on air-sea gas transfer of climate
relevant gases.  Significant advances have been made in probing the interface with optica
and thema methods deployed in fidd and laboratory environments.  Advancements in
direct-flux measurement techniques usng accurate andyzers and micrometeorologica
approaches make it possble to determine fluxes concurrently with interfacial processes,
and will grealy enhance underdanding of the causd naure of the variability in gas
transfer.

I-b. Wet and dry deposition onto the sea surface

Adde from gases, paticles play an important role in the eath’'s radiation badance by
trangporting heat, momentum, and chemicd and biologicd species in and out of the
surface ocean. Two primary pathways of particulate materid delivery to the surface
ocean ae direct depostion onto the sea surface (dry depostion) and scavenging, along
with soluble gases, into water droplets and subsequent rainout (wet depostion). The
mechanisms and effectiveness by which both processes occur is poorly constrained.
Observations at process scale and modeling of the processes will congrain the depostion



fluxes. This will improve our knowledge of amospheric lifetimes of paticulae
condituents and related influences on multiphase chemical processes, direct and indirect
climate forcing, and biogeochemica cycles in the surface ocean. Iron input through
aimospheric dust depostion (Fig. 2) and subsequent biologicd response is a clear
example of the importance of depogtion processes on biogeochemicd cycling. The
process study information, together with data on aerosol optical depth and ocean color
from satellite sensors such as MODI S, can constrain regiona deposition effects (Fig. 3).

I-c. Production of particulate material at the ocean surface

Aerosols produced at the ocean surface play a critica role in the radiation balance and
multiphase chemica processes that occur over the ocean. The mechaniams by which
paticles form a the interface are varied and poorly condrained. Reliable information on
paticle number, size, opticd and chemicd characteridics as a function of dtitude is
essentia to properly modd many processesin the SOLAS regime.

Figure 2. A dust storm originating in the Western Sahara is shown in this true color
image. Dust particles are carried westward by prevailing winds and can be observed
thousands of kilometers from their origin. The impacts of the dust particles on surface
ocean biology, heterogeneous (atmospheric) chemistry and radiation are poorly known.
(Figure from http://www.visibleearth.nasa.gov).

I-d. Mixed layer physics

Physical processes control, to a large extent, the supply of nutrients into the euphotic
zone through dynamics occurring a the bottom of the ocean mixed layer. Interna waves,
Langmuir cdls and eddies dl have a dgnificat, but poorly quantified impact on
theemocline — mixed layer interactions. Inputs of trace species often occur from the
aimosphere or below the mixed layer. To understand feedback processes and forecast



future changes in ddivery and productivity, the specific origin of these species is of
fundamentd importance.

Smilaly, dynamics a the top of the amospheric boundary layer exert a fundamenta
control on boundary layer compodtion. Episodic exchanges between the marine
boundary layer (MBL) and free troposphere are sources and sinks of reective species to
the boundary layer. Bresking waves and burgting bubbles can gect sgnificant amounts
of maine paticulate materid into the lower amosphere. Transformations of gases and
paticles in the MBL lead to changes in cloud droplet sze didributions and affect the
Earth’ s abedo.

Studies amed a improving the quantification of mixed layer dynamics range from
utilizing probes to edimae turbulence and shear, to trecer dudies in which the
cumulative effect of the processes can be edimated. The key is to use methods and
gppropriate tracers that separate the physical processes from the chemica and biologica
transformations.  Incorporating the basc physcd information into modes, which can
then be used to predict the larger scale effects, is a powerful approach.

Correlation Coefficients

Clirmatology of Dust Depesition and SeaWIFS Chicrophvll

Figure 3. The correlation between remotely sensed chlorophyll and modeled dust
deposition is an example of innovative use of multiple approaches to assess the global
effect of dust deposition on the open ocean and possible feedbacks as illustrated in
Figure 1. The correlation suggests that iron input through dust might enhance biological
productivity (courtesy of David Erickson 111, ORNL).

The greatest advances in boundary layer dynamics can be obtained by studies that cover a
range of environmenta forcing. This entails sustained observations of key variables from
fixed platforms interspersed with more intense fidd campaigns to cepture a wider range
of dynamic responses.



Il1. Long-Lived Climate Relevant Compounds in the Surface Ocean-L ower
Atmosphere Region

Fluxes of long-lived CRCs are drongly affected by boundary layer physcs.  Quantifying
fluxes and inventories of these compounds relies largedy on advances in boundary layer
physcs and modeling. One of the mog important long-lived CRCs is CO,, due to its
climatic and societd relevance, and therefore CO, is a foca point in the SOLAS science
plan. Comprehensve plans to study the oceanic and amospheric CO, cycle are currently
being developed as part of the NASA, NSF, and NOAA carbon cycle initiatives. Rather
than duplicating these efforts, US SOLAS will augment plans under development to
creste an integrated multi-species program.  Since the compounds in question, such as
CO,, CO, COS, N20O, and many hdocarbons, have rdatively long amospheric lifetimes,
SOLAS will focus on ar-sea fluxes, transformaions in the surface mixed layer, and
modding.

US SOLAS can enhance the current efforts focusng exclusively on CO; by:

Including the dynamics of radiaively important trace species in generd dirculation
modd s to improve forecagting skillsin determining the rediative baance.

Obtaining basic physica and chemica characteristics of the compounds.

Augmenting surface observations of the partial pressure of CO, with other CRCs,

Providing a vadue-added product to surface CO, observations in near red-time by
supplying key environmentd information obtaned from sources such as remote
sendng and dimatologies.

Numericd modes of the dimate sysem are rapidy moving toward full biogeochemicd
coupling. That is, the amospheric concentrations of CO, and other CRCs are carried
explicitly in the amospheric flow, interacting with amospheric radiation, and are directly
influenced by surface source-sink processes such as ar-sea exchange and materid
transfers with the terrestrid biosphere (eg., Fig 4). This alows detailed feedbacks
between biogeochemicd and physcd sysems to influence climate prediction.  For
example, should any future shift in ocean circulation result in dterations to the ar-sea
exchange of trace gases (and aerosols), this would feed back into the system due to
changes in the radiative balance of the amosphere. Including other CRCs, such as N.O,
CH; and aerosols, in modds of radiative forcing requires a better understanding of the
basic biogeochemica cydes and air-sea exchange of these trace species.

To mode the biogeochemicd cycles of other long-lived CRCs, such as new
anthropogenic  halocarbons, requires condderation of the basc physcd and chemica
characterisics of these compounds. These include determination of solubility and
diffusvity of gases as wel as hydrolyss raes of the compounds in seawater. Such
studies are best performed in controlled laboratory environments.

Severd planning efforts focusng on CO, advocete monitoring programs on ships of
opportunity including research vessdls. This work should be augmented with other long-
and short-lived CRCs, such as dimethylsulfide (DMS), hdogenated and oxygenated



organic compounds, whose oceanic sources and sinks are poorly congrained. Many of
these compounds are produced or consumed by microbes but the specific functiond
groups involved in the transformations are unknown. Surface observations on research
ships dso offer the posshility for shipboard incubation studies to determine production
and degradation rates of relevant CRCs for different biogeochemica provinces.

The lager obsarvationd and modding community will benefit from incorporation of
process studies into larger scde obsavaions  This incdudes assmilation or merging of
in situ data, remotely sensed products and climatologies. This is necessary to improve our
underdanding of the reationships and controlling processes  Much of the auxiliary
information can be obtained from public sources, but the data have not been fully
utilized. In pat, the efforts involved in meging rdevant remotdy sensed or
climatologica data, such as wind speed, mixed layer depth, or sea surface height
anomalies, into metadata sets are beyond the capabilities or time condraints of most
individud research efforts Providing support to the scientific community to use the
products will facilitate interpretation of the data and ad in projects such as those
interpolating measured quantities over larger space and time scaes while providing large-
scde process information on the factors that control, for example, surface water
concentrations.
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Figure 4. Schematic of the major processes affecting boundary layer concentrations of
halocarbons in the lower atmosphere and ocean mixed layer (courtesy of S Yvon-Lewis,
AOML/NOAA).



I11. Short Lived Climate Relevant Compounds in the Surface Ocean-L ower
AtmosphereRegion

The compostion of the amosphere dso impacts climate change through varying fluxes
of ozone and particulate matter — short-lived species whose concentrations change greetly
in time and space.  Ozone, a greenhouse gas itsdf, is involved in the biogeochemica
cycles of many, perhaps most, CRCs. Aerosols contribute to climate forcing both directly
aswdl asindirectly through a number of cloud-mediated processes.

Gases and particles with short atmospheric lifetimes (less than or equd to the residence
time of amospheric water, or about a week) generdly show coherence on spatid scales
sndler than 1000 km and reflect locd or regiond sources and snks. However, the
impact of these species on Earth systems such as climate can be globa in scale.  For
example, the SOLAS region links transport of pollutants from one continent to another.
Many short-lived atmospheric CRCs that originate from the surface ocean together with
their reaction products play a mgor role in the chemisry and radiative properties of the
lower amosphere.  Among these are sea-sdt agrosols, hdogen radicds (Cl, Br, and 1),
organic halogen compounds, NO, DMS, NHs, condensed organic compounds and volétile
organic compounds (VOCs).

Four broad but interrdated hypotheses emerged in the workshop as important to
improving our understanding of the impact of SOLAS processes on climate and
chemidry:

Sea st aerosols impact the cycling of trace gases and paticles between the
atmosphere and ocean.

Marine aulfur and other dements appear to play a dgnificat role in regulating
Earth’s climate.

Fluxes of organic matter across the air-sea interface could play an important role in
trace gas and aerosol cycling, photochemistry, and marine biogeochemigtry.

The photochemistry of the lower atmosphere and surface ocean is linked.

II1-a. Impact of sea salt aerosols on the cycling of trace gases and particles between
the atmosphere and ocean

Interactions among sea-sdt aerosols, multiphase processes, and the fast photochemistry
in the MBL ae some of the most important dimate-chemistry topics. However, the
concentrations of sea-sdt aerosol are not easily predicted. Winds play a role, but wind
gpeed alone is inadequate to predict sea-sdt particle concentrations.  The physics of the
surface ocean and concentrations of dissolved organic matter and surfactants may aso be
important.

The rate of ozone destruction in the remote MBL sometimes exceeds that attributable to
ozone photolyss and standard ROy chemigtry, and bromine and/or chlorine atoms are
implicated (see Fig. 5). The suspected mechanism involves acidification of sea-sdt
aerosols, formation and release of sparingly soluble Bry BrCl, and perhaps Ch. Recent

10



dudies suggest tha iodine chemidry may likewise consume ozone. lodine originaes
from photolyss of biogenic akyl iodides, destroys ozone in a cycle involving maine
aerools, may be involved in new paticle production, and accumulates as particulate
iodate. The high rae of ozone remova observed during some fidd dudies if
widespread, would condtitute a mgor globad snk. The relative loss of hydrocarbons has
been used to infer a subgtantive role for Cl atom attack. If halogens play a magor role in
tropospheric O3 and VOC chemidry, then they may aso oxidize dementd mercury to
make it more biologicaly active.

Nitric oxide, the limiting reectart in tropospheric ozone formation over most of the Earth,
appears to be emitted by the ocean, athough weakly as shown by fidd studies.  If modd
amulaions of heterogeneous oxidation of NOy to nitrate are correct, then cycling of NO
in the MBL israpid and the marine source may be significant.

HOBr+Cl +H" ®
BrCl +H20

-7 Br

BroCl’

Bro+ ClI°

Wet sea salt partide

Sea Surface

Figure 5. Schematic diagram of multiphase Br chemistry in the MBL. The numbers in
circles represent concentrations of the species indicated [ molecules cm™]. The molecules
on arrows show reactants and the large circleis a hydrated (wet) seasalt aerosol particle
(courtesy of R. Dickerson, U. Maryland).

Evidence for rgpid haogen chemidry in the Arctic is paticulaly strong. Photochemica
reactions on snow and ice may be a sink for Gs, but also a source of halogens, H,CO, and
NOx. These processes may dso impact the flux of trace species between the atmosphere
and frozen surface and thus affect the reactivity of Hg and the long-term glacid record of
atmospheric compasition.

Detalled sudies of HO, (induding OH) often indicate reasonable (factor of two or better)
agreement between measurements and theory. Homogeneous gas-phase modes cannot,
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however, account for the observed rate of ozone loss (as discussed above) or for
concentrations of oxygenated organic compounds such as formadehyde, H,CO,
acetddehyde, methanol, and acetone.  In the SOLAS region, these oxygenates are often
found in much grester concentrations than non-methane hydrocarbons and should exert a
ggnificant influence on the oxidizing cgpacity of the amosphere.  Understanding the
interactions of multiphase processes, the oxidizing capacity of the amosphere and the
photochemistry of the MBL and surface ocean require a deliberate, multidisciplinary
approach.

[11-b. Therole of marine sulfur and related elementsin regulating the Earth’s climate

The direct and indirect influences of aerosols on Earth's radiative baance are currently
the sngle largest source of uncertainty in anthropogenic climate forcing prediction.
Paticles enhance scattering and absorption of terredtrial and solar radiation.  In addition
to this direct effect, they can impact the thermodynamic dability of the atmosphere and
the rates of photochemica processes in both the aimosphere and ocean. Anthropogenic
aerosols further increese cloud brightness and connect to the hydrologicad cycle by
inhibiting precipitation. In the SOLAS region there are three man cdasses of particles
sea At naturd marine-derived sulfates, and aerosols transported from the continents.
Particulate organic compounds from both marine and continental sources are associated
with each class. The processes controlling the concentrations, radiative properties, and
climate forcing of these aerosols are currently not well constrained.

Most DMS emitted from the surface ocean is oxidized to SO, and then, by both aqueous-
and gas-phase pahways, a fraction of that is oxidized to H,SO,4. Gassous sulfuric acid
condenses onto existing particles or can form (maybe in concert with marine NHz) new
aerosols tha act as coud condensation nuclei and strongly influence the Size-number
digribution of cloud droplets. This mechaniam represents an impact of ocean emissons
on precipitation and the radiaive properties of the atmosphere. However, the processes
controlling DMS emisson ae poorly understood. If coud cover impects the
phytoplankton and the corresponding foodweb involved in DMS production, then a
natural feedback cycle may be taking place.

The factors controlling the concentrations and fluxes of sulfur compounds in the SOLAS
region reman uncertan. Mgor unanswered questions include the magnitude and
digribution of sgnificant amospheric depostion of dust and nitrogen and the reative
role of oceanic upwelling versus amospheric input to the marine nutrient concentrations
in the SOLAS maine region, as far as their effect on the biologicd communities
involved in the cyding of sulfur compounds is concerned. These questions, dso centra
to the boundary layer physcs and biogeochemical foci, cut across disciplines.  Severd
exiding programs ae actively invedtigating these processes from a marine perspective,
and SOLAS-rdated initiatives will complement ongoing efforts while helping to provide
an integrated framework for future experiments. Because of the complex web of
interactions, a coordinated approach is needed with Smultaneous measurements and
modeds of atmospheric and oceanic biology, chemistry, and physics.

12



II1-c. The role of fluxes of organic matter across the air-sea interface in trace gas and
aerosol cycling, photochemistry, and marine biogeochemistry

Organic compounds are produced in large quantities by the oceanic biosphere, resding in
the ocean as dissolved and particulate matter and in the atmosphere as VOCs and marine
aerosols. The cycles of organic compounds are poorly understood, but may play mgor
roles in controlling radiaive properties, nutrient cycling, and cloud-aerosol interactions.
The oceanic and atmospheric reservoirs are intringcdly coupled by ar-sea and gas
particle exchange.

While the ocean is a source of both primary condensed organic materid and VOCs,
additional materid is trangported to the SOLAS region from continents. Both gas-phase
and multiphase reactions are involved in chemicd transformations and phase transtions.
In seawater, organic matter helps control the aguatic light fiedd and photochemica
production of a variety of trace gases, nutrients, and reective intermediates. Ocean
opacity and color dso play an important role in the Earth's radiative balance, and are
coupled to climate change by nontlinear processes that are difficult to predict. SOLAS
objectives include <udying the factors controlling the concentrations of organic
condtituents in the lower atmosphere and surface ocean and determining whether cyding
through the amosphere can impact organic mater sufficiently to change maine
productivity. Key requirements to underganding the ar-sea fluxes of organic meatter
include chemicd and physcd sructure, thermodynamic properties, photochemistry, and
digribution in the surface ocean. A priority is to develop new and improved measurement
technologies for quantifying the concentrations and fluxes of VOCs.

[11-d. Links between the photochemistry of the lower atmosphere and surface ocean

If the photochemistry of the lower atmosphere and surface ocean are intimately linked,
then ar-sea interactions may respond nonlinearly to climate changes. The trace gas and
aerosol compostion of the atmosphere controls (both directly and through changing
cloud properties) the flux of solar UV and PAR reaching the ocean surface. Initid studies
show drong surface ocean photochemical response to changes in UV-B radiation
resulting from changes in column ozone content, indicating that other dimate-related
geophysica changes may aso dter SOLAS region photochemidtry. Available evidence
suggests that deep convective clouds over the tropicd ocean might transport organic
compounds across the tropopause where they impact stratospheric ozone and aerosols.
The organic compaosition of the upper ocean controls to a large extent the penetration of
radiation and depth of the photic zone. Mgor unanswered questions include the spectra
and quantum vyieds (number of product molecules formed per photon absorbed) of
dissolved organic compounds, the impact of changes in ozone, aerosols and clouds on
actinic radiation reaching the ocean surface, and the response of the surface ocean to
changesin radiation.
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V. Atmospheric effects on marine biogeochemical processes

The need for an integrated atmospheric and oceanic program is paticularly pertinent for
the study of atmospheric impacts on marine biogeochemica processes. The hypothesis of
aeolian dust depostion enhancing biological productivity, perhaps even in oligotrophic
regions through a nitrogen fixation mechanism, is well documented. Severd broader
aspects are now being addressed under SOLAS and related planning efforts. Of
fundamenta importance are the following two questions.

How is the ratio of phosphorous and nitrogen in surface water related to amospheric
fluxes of trace compounds?

How do biogeochemica processes affect the air-sea exchange of CRCs and what are
the possible feedbacks to radiative forcing?

IV-a. Atmospheric transport, processing and deposition of trace metals and the
impact on marine ecosystems

Inorganic nutrients are found in the degp ocean in fixed stoichiometric ratios and many of
the inferences on hiogeochemical cycling are based on fixed “Redfidd’ raios (with
current widdy used goichiometry of P.N:C:O = 1:16:117:170). Organians exhibit these
ratios, but severd biologicd functiond groupsorganisms have nutrient requirements that
deviate sgnificantly from the Redfidd ratio. For ingtance, it appears that during episodic
events, Redfidd ratio condraints are often violated. Particles snking from phytoplankton
blooms often exhibit non-Redfidd ratios and nitrogen fixing organisms in the open ocean
that might be iron limited show enrichment in nitrogen with respect to phosphorous.
Interestingly, dthough this increases the N:P ratio, the C:N ratio does not gppear to
change, making this pahway a possble naiurad CO, sequestration mechanism. Coastd
regimes, in paticular, are environments where there is riverine and aeolian input of fixed
nitrogen and dust. Phytoplankton responses to these inputs often contain unique nutrient
ratios. The issues of which (micro) nutrients control biologicd growth and the origin of
the nutrients (aeolian, terrestrid, or maine) in different environments is a quintessentid
SOLAS question.

Jug how important is the amospheric transport pathway for these nutrients? In
determining the possble implications of amospheric input, there are a number of
important issues that must be addressed. For example, it is not known what controls the
temporal and spatid patterns of the atmospheric fluxes and what chemica processes
control the bio-avalability of the amosphericdly supplied nutrients and bioactive
elements that enter the surface ocean. This is particularly important for the nutrient iron,
where the amospheric input is related to the trangport of iron-containing minerds from
the continent, and where important chemica processes in the amosphere during transport
may affect the bio-availability of the iron in the ocean. Perhgps even more fundamentdly,
it is not undersood how the nutrients derived from atmospheric input specificaly affect
marine biogeochemica processes and the relative availability of key limiting nutrients.
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IV-b. The effect of biogeochemical processes on the air-sea exchange of CRCs and
the possible feedbacks to radiative forcing

There is increasing evidence of biologica processes exerting a fundamenta influence on
CRC concentrations in the SOLAS region. The biologicd functiond groups responsible
for production of many CRCs are not known. Even more fundamental is the issue of
whether the CRCs are formed during production, respiration, or by bacterial processes.
Biological processes can dso directly affect the sea surface rheology through biologica
exudates that can concentrate a the sea surface. At high concentrations, these manifest
themsdves as surfactant layers.  Biologicd production aso affects the optical depth of
the water and penetration of sensble heat. Therefore such processes must be included in
models of surface forcing. In these cases, the biogeochemical cycles can act as feedbacks
to the dimate sysem. An optima way of determining if such feedback mechaniams have
operated in the past is by usng paeo-proxies.

Perturbation and controlled-volume dudies ae paticulaly useful  for  investigating
amospheric impacts on the marine biogeochemica environment. The best-known
peturbation <udies ae those of iron fetilization in HNLC (high nutrient, low
chlorophyll) regions. Such dudies to date have unequivocdly shown an incressed
productivity following deliberate iron fertilization (Fig. 6) but they have not been of
aufficient duration to determine the full response, particularly the export production of
carbon. Moreover, other responses such as the possble reaction to dust deposition onto
the oligotrophic gyres should be investigated. It is suggested that the warm oligotrophic
ocean could have a productivity response through nitrogen fixation. Perturbation studies
should not be limited to ddiberate additions but should dso include study of responses to
natura perturbations, such as nutrient ddivery from below the mixed layer during storms.

Peforming dudies as a controlled volume will fadlitate obtaning quantitative
information.
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Figure 6. Traverse across iron-enriched patch for a deliberate addition of iron and inert
tracer SFg during IronEX 11 (from the SOLAS science plan, compilation of results).
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V. Suggested Studies

It is envisoned that US SOLAS will proceed on two pardld tracks. The US SOLAS
community, through its deering committee, will advocate and coordinate sdlect
augmentation of established oceanographic and amospheric research efforts with focus
on connecting the two regions. However, full implementation of the SOLAS principles is
best facilitated by planning projects from the ground up. Severd of these conceptud
"golden nuggets' ae liged below. Others can be found in the working group reports.
There are dso some generic research issues (“enabling factors’) that must be addressed
to see the program off to a successful start. SOLAS activities will be grestly aided by the
following enabling activities:

Obtaining basc physcd and biogeochemicd information on a suite of CRCs in
controlled environments.

Including a wide suite of CRCs in modds to improve ther predictive skill as well as
to provide critica information on the possible postive or negative feedbacks of the
CRCs on the climate system.

Infrastructure  and  fidd support for time series fadliies in a vaiey of
biogeochemica provinces. Such support is dso advocated in many oceanic and
amospheric planning efforts. It is criticd that there is a srong connection between
both observational reddms such that the forcing and feedbacks between upper ocean
and lower atmosphere are clearly established.

Technology devdopment on measuring high frequency fluxes and concentrations of
CRCsinthe SOLASregion

Setting up a coordinated data management system.  Full utility of the suggested
interdisciplinary programs will only occur if the daa are readily accessble and
properly quality controlled and documented. Comparisons of different studies which
would be an integrd part of the program will dso be greetly aided by a unified data
management system

V-a. Augmentation of Established or Planned Efforts

Severa projects of direct rdevance to the objectives of SOLAS have recently been
undertaken or are scheduled for the near future. For future studies, augmentation with key
measurements will greatly enhance their reevance as SOLAS-type projects and for
dudies that have recently been completed, support for multi-disciplinary interpretetion is
suggested.  Examples of recently completed projects include the joint NSF/NOAA
GasEx-2001 study, the multi-agency INDOEX study, the NSF/NOAA ACE-Asa study
and the near concurrent PEM-West campaign funded by NASA. Synthesis projects that
incorporate findings such as the largely ship based ACE-ASa study and arcraft-based
PEM-Wes dong with smdler dudies such as the MBARI Western Hyer Monterey-
Hawaii transect dong with remote senang could eucidate the oceanic response of large
desert dust depodtion. The data from the GasEx-2001 (Fig. 7) study adong with
collocated remote sengng data are well suited for higher order ground truthing and for
upscaing results to edimate regiond fluxes and factors controlling these fluxes. The
three iron fertilization sudies in the Southern Ocean should be interpreted in a holigtic
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manner with focus on modding and paeoclimatic interpretation of increased productivity
events. Mogt of the projects mentioned included sgnificant international components and
collaborations.

Severd fidd efforts are being planned that wil take place prior to the full implementation
of SOLAS. For example, a cruise under the auspices of the International Oceanic
Commisson (I0C) in the Western Pecific planned for 2002 focuses on the role of Asian
dust deposition and the effect of trace metd ddivery to upper ocean biota Remote
sendng efforts would be beneficid to obtan regiond information. Edablishing a
quantitetive link between amospheric dust levels and upper ocean biologicd response
studies of wet and dry deposition would be of merit.

On a larger scde, US SOLAS hopes to collaborate with the largely continental programs
of the North American Carbon Program (NACP) and the Intercontinenta Chemica
Transport Experiment - A North American Misson (INTEX). Both dudies am to
constrain fluxes of carbon dioxide and trace gases, respectively, on regiona scaes over
the continental US. The oceans surrounding the continentd US will be sudied to
deconvolve oceanic and teredrid dgnads  In particular, reddence times and
trandformation rates in the oceans differ dramatically from those in the amosphere, and
different cycles dominate each dde of the interface. Severe knowledge gaps exist for
photochemica oxidation of organic compounds in the surface ocean while the origin of
high concentrations of oxygenated trace gases over the ocean remans a mydery.
Multiphase processes such as oxidation involving sea sdt agrosols, and even the
processes maintaining the aerosol itsdf, dand as mgor unanswered questions in
amospheric chemigry.  The interaction of continentdly derived atmospheric species
with marine agrosols aso has the potentid for mgor environmental consegquences. Air
quaity programs that focus on coada regions (eg., Atmospheric Investigation, Regiond
Modding and Prediction, AIRMAP) are addressing some aspects of this issue but not in a
comprehengve fashion. Oceanic fluxes, in particular dong the coast, must be constrained
udng in situ flux measurements and tempora and spatia extrapolation tools as provided
by remote sensng. The coadta fluxes and amospheric concentrations are a boundary
condition for (transport) models that ae an important tool for quantification and
interpretetion of the continental Sgnd.

The dgnificant (platform) resources avalable for NACP and INTEX can greatly aid US
SOLAS projects with focus on the coastal US. US SOLAS ams to interact closdly with
the organizers of the projects to incorporate multi-disciplinary coasta boundary layer
projects focused on CRCs.

A regiond project that embodies the SOLAS objectives is the Sargasso Sea
Ocear/Atmosphere Observatory (S202), which has formed to coordinate and enhance the
contributions of the many maine biologicd, biogeochemicd, hydrogrephic and
amospheric gtudies conducted in time series mode in and above the western North
Atlantic. The S202 comprises severd ongoing oceanic and atmospheric observation and
modding programs, which ae in tun managed by severd inditutions Primary
objectives of S202 will be to maintain the vigor of the locd time series programs and to
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provide a flud and timedy daa sream to the internationd community of ocean and
climate scientists.

Figure 7. The NOAA Research Vessel Ronald H. Brown used for several studies of the
SOLAS region including INDOEX and GasEx. Specialized infrastructure for these
cruises such as a bow tower and booms sampled uncontaminated air and water.

The US SOLAS deering committee will act as a source of information exchange to
ensure that key measurements and interpretations connecting the lower atmosphere to the
upper ocean ae dudied and peformed while facilitating larger scde interpretation
through optima use of remote sendng and modding, through nationd and internationd
efforts whenever possible,

V-b. Gol den Nugget Projects

Many of the SOLAS objectives can be facilitated by augmentation of planned or current
efforts. However, to fully explore the interdisciplinary approach and foster interactions
between the amospheric and oceanic communities, dedicated projects should be
implemented. The projects listed should at this point be consdered as examples of the
critica interconnectivity of amospheric, interfacia, and upper ocean processes to study
phenomena of critica importance in understanding the earthis system.

Barbados Dust Deposition Experiment: BarDEX

A project that covers many of the SOLAS objectives is one that was formulated severd
years ago to study the deposition mechaniams of African dugt in the Western Atlantic and
the upper ocean response. Depostion is not the sole requirement for an upper ocean
biologica response as, for indance, the bio-avalability of trace nutrients is criticd as
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well. Indeed, recent dudies in the Peacific do not unequivocaly show a hbiologicd
response to dust dgpogtion even in HNLC regions. A high priority within US SOLAS is
to characterize wet and dry removal processes in regions where dust concentrations are
known to be high. An experiment is proposed to take place in the tropica North Atlantic
in the region of Barbados where trade winds carry high concentrations of dust during late
Spring, Summer and early Fdl. This experiment would have three overriding gods that
encompass many SOLAS objectives:

Characterize the remova rates of minera dust and related agrosol particles via wet
and dry deposition.

Measure the depodtion rate of dust to the ocean surface in individud rain events to
follow the subsequent changes in the concentration of Fe and other species in the
surface waters compared to dry deposition.

Document biologica and biogeochemica responses to these inputs.

The proposed project would include a longer duration, land-based phase for quantifying
dust transport, minera aerosol compostion and Sze digribution, and (wet)-deposition
fluxes dong with shorter duration oceanographic process sudies focusng on the
depostion mechanism and the bio-avalability of the trace condituents in the minerd
aerools. The effort would rely heavily on remote sensing products from sensors such as
TOMS, MODIS, and SeaWiFsS to characterize dust transport and upper ocean response.
Egablished and new modeling activities would be entrained to focus on the effort. A
synopsis of the study aong with descriptions of related candidate projects can be found in
Chapter 4 of the web based reports.

Long term air-sea exchange sudies

Another example of a gold nugget project is long-term estimates of ar-sea exchange of
trace condituents over a broad range of environmenta conditions for incorporation in
regiond and globd scde modds A multi-year deployment at a fixed Ste designed to
capture seasond and interannud  variability is recommended. This project would include
intengve and continuous messurements of ar-sea transfer of condituents with a range of
solubilities, mass diffusivity, and controls on concentration in the atmosphere and ocean
(eg. chemicd enhancement, surface reective gases, catdytic reactions, and biologica
processes). To capture a large range of environmentd forcing, including extreme events
and biogeochemica responses, a mid- to high-latitude observationa post would be
desred. In addition to the centrd facility, arays of moored and mobile ingrument
platforms would be deployed. Surface and near-surface mobile plaiforms can have
conditiona sampling routines built in to dlow Lagrangian tracking of particular episodic
events. The following studies are envisioned:

Budget-based Lagrangian studies.

Multiple tracer releases.

Direct flux measurements.

Ocean and amosphere microlayer investigations.
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Chapter 1 of the full report provides more information on such a project and other related
projects of high relevance to US SOLAS.

Regiond high latitude studies (Arctic)

A large Arctic regiona program with srong SOLAS emphasis has been proposed on
“Changing Environmental Controls on Coupled Chemica Exchange Between the Ocean,
Ice, and Atmospherein the Arctic.”

The Arctic Ocean ad its magnd sees play a fundamentd role in the globd
ocean/climate system, due to deep water formation and its influence in thermohdine
circulation, as wel as its permanent searice cover affecting Earth’s albedo and associated
radigion baance, and the didribution of freshwater. An important question is how the
recently documented change in glacid and sea ice extent and thickness may impact the
lower atmosphere and its compostion, and how that may in turn feed back into changes
in surface temperatures and Arctic biological processes.

Therefore Smultaneous examination of processes that regulate the concentrations of
gasss in Arctic seawater, ice and snow leading to searair flux as wel as ice- and snow-air
flux is necessary. The broader scale impacts and ties to climate, transport and the fate of
toxic pollutants will require a sophisticated approach to reevant Arctic-scale
meteorology. The centra role of a modding component will be essentiad from the outse,
the ultimae god of which will be the refinement of an Arctic oceanamosphere sub-
modd (including physicd trangport as well as biogeochemicd transformations) that can
be included in comprehensive and predictive globa climate-system models.

The following questions address some of the issues:

- Does halogen activation occur abovelnear open water/leads/polynyas, or is a frozen
surface required? How would we go about testing this?

- How will changing searice cover impact arctic boundary layer chemistry and the
processing of pollutants, such as Hg?

- What is the role of the biota (phytoplankton; macrophytes, ice dgae) in releasng
photochemicdly active species such as organo-halogens and DMS, and how do we
best pursue this question?

- How will dimatic responses to changing seerice cover and the Arctic Oscillation
impact the transport and processing of pollutants in/out of the Arctic?

- How should we treat the ice/lsnow surface so that chemistry on frozen surfaces can be
treated quantitatively in models? What laboratory work is needed in this area?
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V1. Interaction of US SOLASwith Other US Research Programs

There is dgnificant synergy between the US SOLAS and other environmental programs
developing in the US. The chdlenge is to optimize interaction and coordination both at
internationd and nationd levds US SOLAS will be dosdy digned with the
international  SOLAS effort that has recently appointed a steering committee. Canada,
Jgpan and Germany have dready funded SOLAS efforts that will involve or offer
opportunities for US participants.

In the US, continued interactions with the different agencies involved in the planning of
globa carbon cycle programs will occur. In paticular, there is drong interest in
developing interactions with the NASA carbon program, which focuses on remote
sensing and coastd processes, and the Ocean Carbon Cycle Research group at NSF
focusng on oceanic biogeochemica cycles of carbon and related parameters. Large-scale
observational programs as planed in NOAA's sudained efforts include those with
emphasis on the carbon cycle, trace gases and agrosols, and are good venues for
hypothess development and extrgpolating findings to larger scdes. SOLAS issues such
as dugt ddivery, maine boundary layer trandformations, and physcs of the ar-sea
interface will be of direct benefit to the marine carbon oriented programs. The “carbor+
based” projects envisoned in these programs can serve as a springboard for SOLAS
efforts including the study of hadogenated trace compounds, wet and dry deposition, and
photochemica processesin the SOLAS region.

Asde from oceanoriented programs, there are severd continentd and amospheric
efforts in which coordination with SOLAS would be beneficid. The NACP focus on
condraining regiona sources and Snks in North America will benefit from grester
knowledge of oceanic CO, fluxes incuding regiond interpolation mechanigms usng
remote sensng. Coadtal towers and arcraft that include oceanic transects could be
utilized for measurement of boundary layer dynamics and CRCs. The INTEX program,
focusng on resctive trace compounds in the continental amosphere, should provide
many opportunities for both joint studies and data disseminaion to expand the scde of
observations from continental to oceanic and vice versa As previoudy mentioned, the
maine sources of many of the reective hdo- and hydrocarbons is ether poorly
congraned or completdy unknown which causes ggnificat uncertainty in  the
interpretation of large scae atmospheric chemistry models.

US SOLAS ams to work with the different programs under development. Severd of the
objectives brought forth in the international SOLAS plan have been adopted by other US
planning efforts but often not in a full integrative fashion spanning both the ocean and the
amosphere. In such ingances, US SOLAS ams to facilitate the connectivity between the
oceanic and atmospheric reservoirs and research communities.
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VI1. Organizational Structure of USSOLAS

As manifested at the SOLAS community workshop, the concept of a surface ocean lower
atmosphere study is well embraced in the oceanic and atmospheric research communities.
In its current planning phase, US SOLAS is volunteer-based. The organizationa aspects
required to implement the effort as outlined requires continued participation and active
scientific input from the research community.

It is envisoned that these efforts would be initidly coordinated on a part-time basis by a
snior sdentific member with a 3- to 4-month per yer commitment working in
coordination with the internationd and US SOLAS Science Steering Committees. With
input from agency representatives and consultation with the community a large, the
SOLAS planning group will sdect a US SOLAS stience steering commiittee to direct the
implementation phase of the program. To assure continuity, some of the current planning
group members will likey be pat of the new scentific seering committee. Much of the
committee work would be performed dectronicaly and by teleconferences, with one
meeting per year held in conjunction with a nationd mesting such as AGU and AMS.
The request for funding to sudain the initid organizationd component of US SOLAS
efforts is edimated a the $200 K leve. Funding would be sought through proposa
submission to various agencies.
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Appendix A: Narrative of the US SOLAS open science meeting

The meeting summary is abridged from the note in US JGOFS Newsletter (Vol 11, #2,
June 2001).

Some 70 scientists representing a wide variety of oceanic and amospheric disciplines
attended the firss community science workshop for the proposed U.S. Surface Ocean
Lower Atmosphere Study (US SOLAYS) at the Bolger Center in Potomac MD, May 16 -
18, 2001. The workshop attracted researchers in paeo oceanography, marine boundary-
layer physics, ocean biogeochemistry, amospheric chemistry and cloud physics US
SOLAS is a component of a larger internationa program, which was recently adopted as
an interface program of the International Geosphere-Biosphere Programme (IGBP). The
purposes of the workshop were to familiarize participants with the goals of SOLAS, to
formulate rdlevant science questions for the U.S. component of the study and to discuss
implementation strategies for the U.S. program.

The meeting darted with presentations on international and nationd research programs
tha US SOLAS would be likdy to interact with. Internationd SOLAS is forming a
scientific seering committee led by Peter Liss of the Universty of East Anglia, United
Kingdom. Close ties ae likdy with the Internationd Globd Atmospheric Chemisiry
(IGAC) program, which has included studies of the marine amaospheric boundary layer
as pat of the Aerosol Characterization Experiment (ACE) and the Marine Aerosol and
Gas Exchange Activity (MAGE).

Short presentations were made on the carbon-cycle science initigtive programs of the
U.S. Nationd Science Foundation (NSF), the National Atmospheric and Oceanic
Adminigration (NOAA) and the Nationd Aeronauttics and Space Adminigration
(NASA). The research of quantifying the exchange of carbon dioxide (CO,) across the
ar-sea interface is a mgor focus of these planning efforts as well as of SOLAS. Two
continental field experiments, which include coagtd regions, planned for North America
in 2004, one focusng on amospheric chemistry and one on the terrestrid carbon sink,
offer posshilities for collaboration. A representative from Canadian SOLAS, the firgt
nationd SOLAS program that has gotten underway, invited collaborations with studies
planned in the sub- polar North Pacific and North Atlantic.

Four plenary taks offered context for the working groups, which convened to discuss
stience idess and formulate priorities. Severd overarching themes emerged from their
efforts. For example, the need to quantify basc physcd congants for a variety of
compounds that have an important effect on climate. Issues include the solubility and
diffusvities of haogenated trace gases the characterization of organic compounds in the
gas phase, in aerosol solutions, and in the surface ocean; biologica consumption and
production estimates for various compounds, and rates of photolyss.

Coagtd margins, including the large arctic sheves, were singled out as requiring more

atention. The high biologicd productivity, sedimentary processes, modified atmospheric
chemistry of these regions contribute digoroportionately to the fluxes of many
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compounds that affect dimate, and criticd interactions between continental runoff and
the marine domain occur there.

The boundary-layer physcs working group honed in on problems of quantifying the
physcd factors controlling fluxes and depodtion of compounds, incduding gas-trandfer
veocity and wet and dry depostion mechanisms. Sudtained coadtd time-series
measurements of fluxes of compounds that affect climaie were suggested as one way to
improve our understanding of the factors controlling gas transfer and depostion
processes. The group also advocated studying the effects of high wind speeds on these
processes.

The working group on the dynamics of long-lived compounds emphasized the need for
regiond flux information, particularly in the coadtd regions. A livdy discusson revolved
around the question of US SOLAS participation in a survey of the partid pressure of CO,
(pCOy2) in globd surface water recommended in the large-scale oceanic and atmospheric
carbon obsarving plan. The fina recommendation was to support this effort and to Strive
for augmentation of pCO, surveys with near red-time flux edimaes utilizing remote
sensing and measurements of other compounds that affect climate. The group dso noted
a need for controlled sudies of biologicad production and degradation rates of
hal ogenated, nitrogen and sulfur bearing compounds.

The working group on dynamics of short-lived compounds had the daunting task of
Seiting science gods with regard to a myriad of compounds thet are reactive on both sides
of the ar-sea interface. Specific priority issues were identified and classfied under four
mgor, interdated research foci: 1) Influences of multiphase processes involving sea-sdt
aerools on the cycling of gases and condensed materid between the atmosphere and
ocean; 2) dimatic effects of marine-derived S and other compounds, 3) the ar-sea
exchange of organic matter and related biogeochemica implications on both sdes of the
interface; and 4) linkages between photochemistry in the atmosphere and ocean.

The fourth working group focused on amospheric effects on marine biogeochemica
processes, including the cycling of iron and nitrogen. Highlighted issues were dust
transport and deposition on the ocean and subsequent transformation of the iron in dust
into bioavailable form. Participants noted that questions about wet and dry depostion and
chemicd transformation in the ar phase were not fully addressed in other programs.
They dso discussed nitrogen fixation and depogtion in different forms and noted the
importance of coada regions for dudies of depostion. This group put forth two
overarching themes for SOLAS research on upper-ocean biogeochemistry: How do
amospheric fluxes &ffect the nitrogen-to-phosphorus retios of inorganic nutrients in the
upper ocean? How do changes in biogeochemical processes in the surface ocean affect
the ar-sea exchange of compounds important to climate and thereby have a feedback
effect on radiative forcing? These themes were broken down into more specific lesearch
objectives and field experiments that would address these issues.

All groups highlighted the importance of usng information gathered by remote-senang
indrumentation to assess regiond variability, to understand the effects of physical forces
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on hiogeochemica processes and to extrgpolate the results in time and space. The critica
importance of mantaning and fodeing long-tem time-series observations was
identified. Modeling priorities included coupling ocean biogeochemicad process modds
with models of the amospheric marine boundary layer for both long- and short-lived
compounds. Participants urged the incorporation of both modeing and remote-sensng
efforts into the initid dages of experimentd desgn, Ste sdection and the generation of
hypotheses.
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Appendix B: Participants at the US SOLAS mesting in Bolger, MD

Jeff Amthor
Department of Energy
19901 Germantown Road

SC-74 Germantown, MD 20874-1290

USA

Ph: (1) 301-903-2507

Fax: (1) 301-903-8519

jeff .amthor @science.doe.gov

Robert Anderson

Columbia Universty

Route 9W

Palisades, NY 10964

USA

(1) 845-365-8508

(1) 845-365-8155
boba@lamont.ldeo.columbia.edu

KrisaArzayus

NOAA Office of Globa Programs
1100 Wayne Ave, Ste. 1225
Silver Spring, MD 20910-5603
USA

krisa.arzayus@noaa.gov

Richard Barber

Duke Universty

135 Duke Marine Lab Rd.
Beaufort, NC 28516-9721
USA

(1) 919-504-7578 or 7641
(1) 919 504-7648

rbarber @duke.edu

Leonard A. Barrie

Pacific Northwest National Laboratory
P.O. Box 999

Richland, WA 99352

USA

(1) 509-375-3998

(1) 509-372-6153
leonard.barrie@pnl.gov
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Timothy S. Bates

NOAA Pecific Marine Environmentd
Laboratory

7600 Sand Point WYy., NE, Bldg. 3
Seattle, WA 98115-0070

USA

(1) 206-526-6248

(1) 206-526-6744

bates@pmel .noaa.gov
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Appendix C: Ligt of Acronymsand Abbreviations

AGU
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NACP
NASA
NOAA
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Marine boundary layer
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Nationd Aeronautics and Space Adminigtration
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